Stacks of nuclear emulsion varyirtg in thickness from 18. 35 g(cm 2
I INTRODUCTION
The recent introduction of nuclear emulsion stacks into work with cosmic rays and with high-energy accelerators has led to the systematic investigation of very long tracks. The range-energy relation for such tracks becomes of considerable importance in many problems such as the decay schemes of heavy mesons and hyperons or the energy balance in nuclear stars; it was thus decided to extend the experimental measurements of the range -energy relation to higher energies 0 Considerable experimental data exist for proton energies up to about 40 Mev, 1 including an accurate measurement recently performed at this laboratory at 330 64 Mev proton energyo 2 These energies correspond to track lengths of the order of Oo 5 em, whereas the tracks studied in emulsion stacks may be 10 em and more in lengtho A calculation of the proton ranges up to 230 Mev has been carried out by Vigneron 1 and extended by Barkas 
to 30 Bevo
The purpose of this experiment is thus (1) to measure a point on the range-energy curve at a proton energy corresponding to a track length of about 25 em which would serve as an experimental check on the calculated value of the range, and {2) to measure the specific ionization of emulsion relative to that of copper 0 We shall define specific ionization to mean If we make a plot of the ratio of the ion chamber butputs 1 2 /1 1 as a function of absorber thickness we obtain the well kp.own Bragg c.':lrve ,(see The qensity was determined from the known volume and weight of the emulsion stack, and in addition the water content was determined by a chemical analysis before and after each run.
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The ion chambers were filled with argon at slightly higher than atmospheric pressure. The collecting foils are about 2 in. apart and 4 in.
in diameter, and are operated at 1, 000 V positive with respect to a grounded foil in the center of the chamber.
III DISCUSSION
The experimental results consist of curves giving the ratio of the ion-chamber outputs as a function of absorber thickness, as illustrated in Fig. 2 . From a curve of this type we now wish to obtain the "range" of the. particles in the absorber and--for copper--determine the energy of the particles by use of the known range-energy relations. We shall here outline only very briefly the method employed for obtaining the range, further details of which may be found in references 4 and 5.
The response of the ion chamber placed at a distance R from the end of the range in the absorber material is of the form
(1)
whe-re P( r, R) is the probability that a particle in the interval between r and r + dr has an energy corresponding to a residual range R, {see Fig.   3} and i( r, R) is the response of the ion chamber to a particle which has _· . the residual rangeR when it passes the position r. Both r and Rare _meas-ured from the end of the range of the particle, being positive towards the source of the beam. The total number of .particles is N , which we assume . 0 to be constant. We thus neglect the attenuation of the beam due to largeangle scattering and other nuclear interactions in going from one experi-' mental point to the next. It can be shown that this introduces only a very minor change in the shape of the curve.
We now substitute the usual Gaussian range-straggling distribution (with a standard deviation a.) for P(r, R) and an empirical relation 5 of the form i{r, R) = i(r 1 ) =constant {r 1 )-0. 46 ( 2) as the ion chamber response for a single particle. The variable r' = 2R -r represents the total residual range of the particle (in the absorber material)
as it passes through the ion chamber. It is easy to see that i{r') = 0 for negative values of r'. 
{ 4)
In the above expression u th is obtained by a numerical integration of the . . ' 6 relativistic ~traggling formula, Fig. 2 ) . The same relation holds to a good approximation for the experimental curve, and we thus take the difference between the abscissa of the peak and the range as 0. 85 a
Substituting the values dT exp of a exp' a th' and the value of dx in Cu for 340-Mev protons, we obtain .6-T = ± 1. 5 Mev.
Since the experiment indi<;:ated that both the ranges and the specific ionization are very closely the same for nuclear emulsions and for copper, the average ionization potential IE for emulsion was evaluated relative to that of copper using the method outlined below.
At the energies we are considering, the rate of energy loss of a proton in matter can be written in the form 
But since ln B~l3) » ln }.. we can expand the integrand in the numerator of (10~ in terms of the small quantity l~W)
This enables us to solve for ln }.. which is given by ln -I -
where the ln term has been averaged over the range of 13 appropriate to the ..6.R under consideration. The ln term in equation ll is a slowly varying function of both 13 and I, but }.. is a fairly sensitive function of the electron densities NE and Neu and the experimentally measured I"atio ::~u .
The density and composition of a nuclear emulsion is a function of its water content and we thus have to find a relation that gives us the electron density NE for a given value of the physical density p. We assume that for small variations in p this relation may be written 
From this formula we obtain an electron density of 1. 044 x 10 24 for the emulsion used in this experiment (p = 3. 81 g/cm 2 ).
IV RESULTS
In Table I 
